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2 4 . pi amino ooxmraxn ako pvridopyrimidihb ester DERIVATIVES as 

PIHYDROFOLATE REDUCTASE INHIBITORS 

DESCRIPTION 
Field of the invention 

This invention relates to novel esters and salts thereof and the use of these esters as 
dihydrofolate reductase inhibitors. The compounds in the present invention show improved 
selectivity relative to cellular reductases and/or improved pharmacokinetic profiles and can 
be used for the treatment of discases/condrtions which can be therapeutically treated by 
immuno-modulating or cytostatic compounds, either applied topically, orally or 
parenterally, or cancer forms being sensitive to methotrexate. The compounds in the 
present invention can also be used for treating diseases/conditions that involves one or 
several of the melanocortin receptors. Another area where these compounds can be used 
involves treatment of nephritis, e.g. IgA nephritis. Other diseases to be treated are 
inflammatory bowel disease i.e. ulcerative colitis and Crohn's disease, and colorectal 
cancer, asthma, psoriasis, Pneumocystis carinii pneumonia (PCP), or other serious 
pulmonary diseases, rheumatoid arthritis (other inflammatory conditions), other fungal 
infections (vaginal and others), bacterial inflammations, protozoal inflammations, cancer 
of the urinary bladder, the lung and other cancer types that may be reached from the 
outside of the body, non-surgical abortions (mtrauterin adnrinistration), fiver 
transplantation, may be treated, especially in immimo-compromised individuals. Methods 
of the preparation of such compounds, compositions containing mem and novel 
intermediates therefore are also provided. 

Background to the invention 

Inflammatory bowel disease (IBD) is a general term that includes both ulcerative colitis 
and Crohn's disease, disorders of unknown ethiology that result m inflammation in the 
gastrointestinal tract Ulcerative colitis is an inflammatory disease of the large intestine. 
) Ulcers develop in the inner lining, or mucosa, of the colon or rectum, often resulting in 
diarrhea, blood, and pus. Crohn's disease is an inflammation that extends into the deeper 
layers of the intestinal wall. It is found roost often in the ileum and the first part of the 
large intestine, known as the ileocecal region. 
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Ulcerative colitis and Crohn's disease share many symptoms, although they also differ in 
important ways. Both arc chronic diseases characterized by frequent relapses and 
remissions, and symptoms usually appear in young adults. The most common symptom of 
both ulcerative colitis and Crohn's disease is diairhea. Constipation may develop during 
5 active flare-ups of both Crohn's disease and ulcerative colitis. Cramps can occur from 

intestinal contractions caused by inflammation. Fever, fatigue and loss of appetite are often 
present. Neurologic or psychiatric symptoms may be early signs of Crohn's disease when 
accompanied by gastrointestinal problems. 

Drugs presently on the market cannot cure IBD, but some are effective in reducing the 
10 inflammation and accompanying symptoms in up to 80% of patients. Many such drugs are 
available, including corticosteroids, aspirin-like medications, and drugs that suppress the 
immune system. The primary goal of drug therapy is to put acute flares into remission 
and/or prevent relapse. Mcsalazine is the common name of the compound 5- 
ammosalicytic acid or 5-ASA, which inhibits substances in the immune system that cause 
15 inflammation. 

For very active TBD that does not respond to standard treatments, immunosuppressant 
drags are now being used for long-term treatment All of these drugs suppress actions of 
the immune system and thereby its inflammatory response that causes ulcerative colitis 

and Crohn's disease. The two most common immuno-suppressants used for IBD are 
20 azathioprine and mercaptopurine. Other immunosuppressants being investigated for IBD 

and showing promising results in promoting remission include cyclosporins and 

methotrexate. 

Metronidazole is an antibiotic used for infections caused by anaerobic bacteria and is 
useful for people with Crohn' s disease. Other antibiotics used for Crohn's disease include 
25 trimethopriin/sulfamethoxazole, ciprofloxacin, and tetracycline. 

Of some promise is a genetically engineered antibody that acts against tumor necrosis 
fector (TNF). « major factor in the inflammatory process that causes IBD. Recent results 
show a reduction in disease activity and improving symptoms in both Crohn's disease and 
ulcerative colitis. A similar drug, cA2, is also showing promising results against Crohn's 
30 disease. 
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Asthma is a chronic lung disease and causes breathing problems. Asthma medicines keep 
the air tabes in the hmgs open. There are two groups of asthma medicines: broochodilators 
and anti-inflammatory active agents. Inhaled corticosteroids arc important in therapy. 

Chronic obstructive pulmonary disease (COPD) is defined as obstruction of the airways of 
the lungs of a persistent non-reversible nature. It is a generic term that includes chronic 
obstructive bronchitis, emphysema, and asthmatic bronchitis. 

While advances have been made in treating of COPD, there are no quick cures and 
response to therapy is often marginal, with indications that those individuals who have an 
advanced stage of the disease have marginal chances for survival. With this said, there are 
indications that new procedures are on the horizon that would make this outcome not as 
deadly as it is now. These include newbronchodilators and anti-inflammatory agents as 
well as lung transplantation and lung reduction surgery. 

The current standard for treating COPD is Atrovent, which is a drug that has to be taken 4 
times daily. 

Psoriasis is a common condition affecting the skin. It causes red, scaly patches. In addition 
it can affect the joints, nails and eyes. Although the exact cause is unknown, psoriasis is 
believed to be related to faulty signals sent by the body's immune system. It has a genetic 
component that makes certain people more likely to develop it. 

Treatments include: Moisturising creams and ointments, oils for the bam, creams, 
ointments, lotions and shampoos based on tar, vitamin D, salicylic acid, sun shine, stronger 
medications, eg methotrexate, and mild steroid creams and ointments, used for short 
periods, for psoriasis affecting the face or body folds. 

The AIDS epidemic, cancer chemotherapy and organ transplantation have significantly 
increased the number of patients with impaired immune systems who are suffering from 
severe opportunistic infections including pneumonia caused by the fungus Pneumocystis 
carinIL P. earlnii pneumonia (TCP), which is a serious disease with high prevalence, 
constitutes the major cause of death in patients with AIDS. Current treatment of the 
disease with trimethoprim (TMP structure below), a nonclassical inhibitor of dihydrofolate 
reductase (DHFR), in combination with a sulfonamide is still the standard therapy for PCP. 
Severe aide-effects associated with sulfa drugs often lead to discontinuation of therapy. 
Inhaled aerasolised/nebulised pentamidine is used for prophylaxis. When applied 
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systematically pentamidine exhibits a considerable toxicity. Trimetrexate (TMQ) and 
piritrcxim (PTX), two new lipophilic agents originally developed against cancer are now 
used in clinic as second-line therapy (structures below). Although TMQ and PTX are both 
potent inhibitors of DHFR from P. carimi, they are not selective and inhibit the 
mammalian enzyme even more efficiently. The clinical use of TMQ and PTX is therefore 
limited due to their systemic host toxicity and require an expensive co-therapy with the 
rescue agent leucovorin (5-formyl-tetrahydrofolate). Leucovorin, a classical folate cofactor 
for one-carbon metabolism, is taken up via active transport only by mammalian cells and 
thereby reverses toxicity associated with the lipophilic DHFR inhibitors. Today 
considerable research efforts are devoted to the identification of more selective and potent 
DHFR inhibitors with the overall goal to improve therapy and to minimise the adverse 
effects. 

Rheumatoid arthritis is another inflammatory condition, the signs and symptoms of which 
include: pain and swelling in the smaller joints of your bands and feet, overall aching or 
stiffness of the joints and muscles, especially after sleep or after periods of rest, loss of 
motion of the affected joints, loss of strength in muscles attached to the affected joints, 
fatigue, which can be severe during a flare-up, low-grade fever, deformity of the joints as 
time goes on. 

Medications for rheumatoid arthritis can relieve its symptoms. Nonsteroidal anti- 
inflammatory drugs can slow or halt its progression. Treatment with NSAIDs cam 
however, lead to such side effects as indigestion and stomach bleeding, as well as damage 
to the liver and kidneys, ringing in me ears (tinnitus), fluid retention, and high Wood 
pressure. COX-2 inhibitors, which is a new class of NSAIDs may be less damaging to the 
stomach, but may have higher incidents of otter side-effects than conventional NSAIDs. 
Corticosteroids reduce inflammation and slow joint damage. Disease-modifying 
antirheumatic drugs (DMARDs) are another group of drugs prescribed. Some commonly 
used DMARDs include hydroxychloroquine sulfate (Plaquenii), gold compounds 
(Ridaura, Solganal), sulfasalazine (Azulfidine) and minocycline (Mmocia). Other forms of 
DMARDs include immunosuppressants and TNF blockers. Some of the commonly used 
immunosuppressants include methotrexate, leflunomide, azathioprine, cyclosporins and 
cyclophosphamide. These medications can have potentially serious side effects such as 
increased susceptibility to infection and disease. 
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Antifolate Compounds in the treatment of bacterial infections. 
Sulfonamides ore structural analogues of p-aminobenzoic acid. They interfere with Hie 
early stages of folic acid synthesis by competitive inhibition of dihydropteroic acid 
synthetase, which condenses p-aminobenzoic acid with dihydropteroic acid. The 
5 sulfonamide may also be erroneously incorporated into the folic acid molecule to produce 
an inactive product. Bacterial cells synthesize folic acid, whereas mammalian cells use the 
preformed dietary vitamin, and this is the basis of the selective antibacterial action of 
sulfonamides. 

rSanunopyrinridines, like trimethoprim and the antimalarial compound, pyrimethamine, 
10 act at a later stage on the same pathway by inhibiting dihydrofolate reductase, the enzyme 
that generates the active product, tetrahydrofolate, from dihydrofolate. The affinity of 
trimethoprim for DHFR of bacteria is several orders of magnitude higher than the affinity 
for the mammalian enzyme; similarly pyrimethamine has a very high affinity fox the 
DHFR of malaria parasites. 

15 Because sulfonamides and dianunopyritnidincs act on the same metabolic pathway, they 
exhibit a strongly synergic interaction, at least in vitro. However, because tetrahydrofolate 
is reoxidized to dihydrofolate during the biosynthesis of fhymidylic acid, 
diaminopyrimidines rapidly trap the vitamin in the unusable dihydrofolate form. 
Sulfonamides, in contrast, cut off the supply of dihydrofolate and act rather slowly because 

20 the folate pool becomes depleted only after several cell divisions. For this reason, if there 
is sufficient diaminopyrimidine present to hah tetrahydrofolate regeneration completely, 
the sulfonamide does not have an opportunity to contribute to the antibacterial action. 
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Certain ester analogues of the above DHFR inhibitors have been published in the academic 
literature. In particular Hallbcrg et al. (Chcm- Pharm. Bull., 1998, 46, 591-601 and / Med. 
5 Chem., 2000, 43, 3852-3 861) describes compounds of general formula I: 




wherein R is hydrogen or a glutamic acid linked to the phenyl ring by an amide bond. 
However, the R - hydrogen variant showed a poor hydrolysis rate in in vitro assays 
comprising pig liver esterase, cholesterol esterase, human duodenal mucosa, human liver, 

10 rat liver and human leukocytes, respectively, leading the authors to conclude that "esters 
comprisbg a 2,4-diaminc-pyrimidine ring are not suitable as soft diugs" (Chem. Pharm 
Zte//.,1998, 46, 591-601). The glutamic acid derivative exhibited a pharmacokinetic profile 
similar to methotrexate and was as expected relative inert to ester hydrolysis in vivo in rat 
(J. Med Chem., 2000, 43, 3852-3861). The compounds of the present invention are 

1 5 however structurally different so the observed effects are unexpected. 
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Brief rWri ption of thejnygg tjon ^iy' 
^Thave now discovered margin active isostenic-isocjectronic analogues of hpophthc 
DHFR structures tend to be deactivated by a fast hydiolytic metabolism in vivo. These 
DHFR inhibitors, consisting of an ester in the middle region, are thus more ca»* 

5 ^etabousedth^thecon^ 

UM. and will in gencal be administered near the site of action foUo^ing the cntcna 
for the soft drug concept (Med. Res. Re,, 2000, 20, 58-101). The invention mchtdes novel 
ester compounds. The invention further provides a new entry to efficient and safe 
treatment of diseases which can be therapentically treated by immuno-modnlatmg or 
10 cytostatic effective compounds, in particn.ar DHFR inhibitors, either applied totally, 

orally or parenteral*, or cancer forms being sensitive to methotrexate. TED, i.e. ulcere 
colitis and Crohn's disease, is a further indication that can be treated, and some other are 
colorectal cancer, cancer of the urinary bladder, the lung and other cancer types that may 
be reached ftom the "outside" of the body, psoriasis, PCP, other fungal (vaginal and 
15 others) protozoal and bacterial (pulmonary infections, urinary tract infections and others) 
infections, non-surgical abortions (intrauterin administration), asthma, or other senous 
pulmonary diseases, rheumatoid arthritis (other inflammatory conditions), may be treated, 
but can also be used as an agent non-rejecting liver transplantation, intestine 
transplantation. As a short-lived duration of exposure is sufficient, systemic treatment of 
20 e g. rheumatoid arthritis or other inflammatory conditions, is possible as well. The 
compounds of the invention can also be used for treatin g nephritis, eg. IgA nephritis. 

Compounds of the present invention are either agonists or antagonists of a specific 
Melanocortin-receptor (MC-receptor) or of a number of MC-receptors, eg. MCI, MC3, 
25 MC4 or/and MC5 receptors. 

The MC-receptors belong to the class of G-protein coupled receptors, which are all built 
fr om a single polypeptide forming 7 transmembrane domains. Five such receptors types, 
tamed MCI, MC2, MC3, MC4 and MC5, have been described. The MC receptor s 
30 signalling is mainly mediated via cAMP but also other signal transduction pathways are 
known. They are distinctly distributed in the body. 
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MC-receptors arc linked to a variety of physiological actions that are believed to be 
mediated by distinct subtypes of the MOreceptors. In many cases, however, it xs.not 
entirely clear which of the subtypes is responsible for the effect 

5 It has long been known that MSH-peptides may affect many different processes such as 
motivation, learning, memory, behaviour, inflammation, body temperature, pain 
perception, blood pressure, heart rate, vascular tone, brain blood flow, nerve growth, 
placental development, aldosterone synthesis and release, thyroxin release, 
spermatogenesis, ovarian weight, prolactin and FSH secretion, uterine bleeding in women, 

10 sebum and pheromone secretion, blood glucose levels, intrauterine foetal growth, as well 
as other events surrounding parturition (Eberle, AN: The melanotropins: Chemistry, 
physiotogy and mechanisms of action. Basel: Karger, Switzerland. 1988, ISBN 3-8055- 
4678-5; Gruber, and Callahan, Am. J. Physiol. 1989, 257, R681-R694; De Wfldt et aL, J. 
Cardiovascular Pharmacology. 1995, 25, 898-905), as well as inducing natriuresis (Lin et 

15 aL, Hypertension. 1987, 10, 619-627). 

It is also well known that the immunomodulatory action ofa-MSH includes both immuno- 
stimulatory and immunosuppressive effects. Several studies have shown that a-MSH 
antagonizes the effects of proinflammatory cytokines such as IL-lct, IL-lp, IL-6 and 
20 TNFa, and induces the production of the anti-inflammatory cytokine, IL-10 (for review 
see Catania & Lipton, 1993). 
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wherein R,, Ra R3 and R4 are independently hydrogen or a group that liberates the free 
amine in vivo, for example -CO-alkyl, preferably -CO-C.-Cj alkvl or pivalate; or -CO, 
haloalkyl, preferably -CO-C-Q, haloaBcyL most preferably -CO-C,-C 3 chloroalkyl; 

5 wherein W is; 
o 



and @ denotes the points of attachment and wherein the ester can be located in either 
direction; 

1 0 wherein n and m arc independently 0-5; 

wherein one but not both of X and Y can be nitrogen, or X is C-A and/or Y is C-B; 

wherein A and B are independently selected from hydrogen, alley! optionally substituted 
1 5 with a halogen, an electron donor group such as amino, alkylamino, didlqrtamino or 

hydroxy, or an electron acceptor group such as nitro, cyano. trihaloalkyl or amido, aDcoxy 
or halogen; and pharmacologically acceptable salts thereof; 

Provided that, when R 1 toR 4 are hydrogen, both X and Y are C-H, n is I and -(CHaV is 
20 attached to Hie bridging oxygen of the ester group W, then m cannot be 0 or I. 

Preferably n is 3. 

Preferably at least one of X and Y is nitrogen. 

25 

Most preferably, X is nitrogen. 

In another preferred embodiment, X is preferably C-A and A is methyl and Y is C-B and B 
is hydrogen. 

30 
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The term alkyl used herein means a straight or branched saturated hydrocarbon group . 
having 1 to 4 carbon atoms. 

The term aflcoxy used herein means an -O-alkyl group. 

The term trihaioalkyl as used herein includes trifluoroalkyl, trichloroalkyl tribromoalkyl 
and triiodoalkyl, preferably trifluoroalkyl and trichloroalkyl, and most preferably 
trifluoromethyl, trifluoroetbyl, trichloromethyl and trichloroethyl. 

10 The terms halo and halogen used herein include fluoro, chloro, bromo and iodo, preferably 
fluoro, chloro and bromo. 

Although certain of the novel compounds may show decreased potency against pathogen 
or cellular DHFR relative to current inhibitors, they may exhibit somewhat better 
1 5 selectivity versus liver or other key DHFR species and, hruportantiy, a more rapid 

metabolism to inactive metabolites in vivo. Accordingly, the compounds of the invention 
have utility in the treatment of diseases which can be therapeutically treated by imntuno- 
modulating or cytostatic compounds, either applied topically, orally, rectally, or 
parenterally, or cancer forms being sensitive to methotrexate. Another utility are the 
20 treatments oflBD, i.e. ulcerative colitis and Crohn's disease. Asthma, Pneumocystis carinii 
pneumonia (PCP), psoriasis, rheumatoid arthritis (other inflammatory conditions), 
colorectal cancer, cancer of the urinary bladder, the lung and other cancer types that may 
be reached from the "outside'* of the body, inflammatory conditions caused by bacterial, 
fungal (vaginal and others) or protozoal infections, non-surgical abortions (intrautcrin 
25 administration), liver transplantation, or other serious pulmonary diseases may be treated, 
especially in immuno-compromised individuals. 

A further aspect of the invention thus provides compounds of general formula II for use in 
therapy, such as use in the manufacture of a medicament for the treatment of disorders 
30 requiring the inhibition of DHFR 

The compounds of general formula II mediate their effects through one or several of the 
MC-receptors and thus a further aspect of the invention provides compounds that can be 
used for treating diseases and conditions involving tbe MC-receptors. 
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Compounds of formula IT end/or ft* ****** «*— -* ^ ^ 

Lammations related to the production of nitric oxide, inflammaUon related - m«e*ed 
5 counts (plated amounts) of indole nifric oxide synthase, 

activation of transcriptional activators, inflammation related to nuclear fr«or ^ £ 
i^rnmation related to macrophages, neutrophils, monocytes, ke^nocvtes. Ooblasts 
melanocytes, pigment cells and endothelial cells, inflammation related to mcreased 

10 interleukin 1 (IL-1% intcrleukin 6 0L.fi) and tumor necrosis factor a (INF-o). 

ln the present specification, increased production refers to increased formation, increased 
xelease, or increased amount of an endogenous compound locally, regaonally or 
systernically in a patient compared to the amount of said endogenous compound in a 
15 healthy individual. In the present specification, upregulated refers to an increased actmty, 
ox amount of the compound compared with that in a hcallhy individual- 

In the present specification, decreased production refers to decreased formation, decreased 
rdease or decreased amount of an endogenous compound in a patient compared to the 
20 amonntofsaidendogenou, compound in a healthy individual. In the present specitlcafior. 
dowegulated refers to a decreased activity or amount of the compound compared wrth 
that in a healthy individual. 

In particular, positive treatment effects or preventive effects may be seen in conditions 
25 where inflammation or an inflammatory-Wee condition is caused by or being associated 
vmh one or more of the following: allergy, hypersensitivity, bacterial infeeUon, viral 
infection, inflammation caused by toxic agent fever, autoimmune disease, radratxon 
damage by any source including UV-radiation, X-ray radiation, T -radiation, a- or P- 
particles. sun bums, elevated temperature or mechanical injury. Moreover, inflammatton 
30 due to hypoxia, **ich is optionally followed by reoxygeuation of the hypoxic area, is 
typically followed by severe hulamrnation, which condition may be positively affected by 
treatment with a com pound of the invention. 
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In very specific embodiments of the invention, a compound of the invention may be 
administered for the prevention or therapeutic treatment of inflammatory diseases of the 
skin (including the dermis and epidermis) of any origin, including skin diseases having an 
inflammatory component Specific examples of this embodiment of the invention include 
5 treatment of contact dermatitis of the skin, sunburns of the skin, bums of any cause, and 
inflammation of the skin caused by chemical agents, psoriasis, vasculitis, pyoderma 
gangrenosum, discoid lupus erythematosus, eczema, pustulosis palmo-plantaris, and 
phempbigus vulgaris. 

10 According to one aspect of the invention a compound of formula U or a phaimacologicaUy 
acceptable salt thereof for the treatment of an inflammatory disease in the abdomen, 
including an abdominal disease having an inflammatory component. Specific examples of 
the treatment of such a disease with a compound of the invention are gastritis, including 
one of unknown origin, gastritis pcrnicjosa (atrophic gastritis), ulcerous colitis (colitis 

1 5 ulcerosa), morbus Crohn, systemic sclerosis, ulcus duodeni, coeliac disease, oesophagitis 
and ulcus ventriculi. 

According to one aspect of the invention administration of a compound of formula II or a 
phannacologically acceptable salt thereof for the treatment of systemic or general and/or 

20 local immunological diseases, including those of an autoimmune nature, and other 
inflammatory diseases of a general nature. Specific examples include treatment of 
rheumatoid arthritis, psoriatic arthritis, systemic sclerosis, polymyalgia rheumatica, 
Wegener's granulomatosis, sarcoidosis, eosinophilic fasceitis, reactive arthritis, 
BechteieWs disease, systemic lupus erythematosus, arteritis temporalis, Behcet's disease, 

25 morbus Burger, Good Pastures' syndrome, eosinophilic granuloma, fibromyalgia, myositis, 
and mixed connective tissue disease. Included therein is also arthritis, including arthritis of 
unknown origin. 



30 



According to one aspect of the invention administration of a compound of formula H or a 
pharmacologically acceptable salt thereof for the treatment of a disease of the peripheral 
and/or central nervous system related to mflammation. Included in this aspect of the 
invention is the treatment of cerebral vasculitis, multiple sclerosis, autoimmune 
ophthalmitis and polyneuropathia Comprised by the invention is also the administration of 
a compound of the invention for the treatment of an inflammation of the central nervous 
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system to prevent apoptotic cell death. Moreover, as some of the compounds of the 
invention show a distinct ability to induce nerve regeneration, positive treatment effects 
M e often seen in central nervous system diseases involving damage of cells in this region. 
This aspect of the invention also includes treatment of traumatic injuries to the central 
5 nervous system, brain edema, multiple sclerosis, Alzheimer's disease, bacterial and viral 
infections in the central nervous system, stroke, and haemorrbagia in the central nervons 
system. 

According to one aspect of the invention administration of a compound of formula II or a 
10 pharmacologically acceptable salt thereof for the treatment of diseases of the eye and tear 
glands related to inflammation. Specific examples of such diseases comprise anterior and 
posterior uveitis, retinal vasculitis, optic neuritis, optic neuromyelitis, Wegener's 
granulomatosis, Sjogren's syndrome, episcleritis, scleritis, sarcoidosis affecting the eye 
and polychondritis affecting the eye. 

According to one aspect of the invention administrati on of a compound of formula II or a 
pharmacologically acceptable salt thereof for the treatment of diseases of the ear related to 
inflammation, specific examples of which include polychondritis affecting the ear and 
external otitis. 

According to one aspect of the invention administration of a compound of formula D or a 
pharmacologically acceptable saK thereof for the treatment of diseases of the nose related 
to inflammation, specific examples of which are sarcoidosis, polychondritis and mid-line 
granuloma of the nose. 

25 

According to one aspect of the invention administration of a compound of formula II or a 
pharmacologically acceptable salt thereof for the treatment of diseases related to 
inflammation of The mouth, pharynx and salivary glands. Specific examples include 
Wegener's granulomatosis, mid-line granuloma, Sjogren's syndrome and polychondritis in 
30 these areas. 

According to one aspect of the invention administration of a compound of formula H or a 
pharmacologically acceptable salt thereof for the treatment of diseases related to 
' inflammation in the lung. Specific examples include treatment of idiopathic alveolitis, 
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primary pulmonary hypertension, bronchitis, chronic bronchitis, sarcoidosis, alveolitis in. 
inflammatory systemic disease, pulmonary hypertension in inflammatory systemic disease, 
Wegener's granulomatosis and Good Pastures' syndrome. 

5 According to one aspect of the invention administration of a compound of formula It or a 
pharmacologically acceptable salt thereof for the treatment of diseases related to the 
inflammation of the heart. Specific examples include treatment of pericarditis, idiopathic 
pericarditis, myocarditis, Takayasus' arteritis, Kawasaki's disease, coronary artery 
vasculitis, pericarditis in inflammatory systemic disease, myocarditis in inflammatory 

1 0 systemic disease, endocarditis and endocarditis in inflammatory systemic disease- 
According to one aspect of the invention administration of a compound of fomrala II or a 
pharmacologically acceptable salt thereof for the treatment of diseases related to 
inflammation of the liver. Specific examples include treatment of hepatitis, chronic active 

15 hepatitis, biliary cirrhosis, hepatic damage by toxic agents, interferon induced hepatitis, 
hepatitis induced by viral infection, liver damage induced by anoxia and liver damage 
caused by mechanical trauma. 

According to one aspect of the invention administration of a compound of formula II or a 
20 pharmacologically acceptable salt thereof for the treatment of diseases related to 
inflammat ion of the pancreas. Specific examples include treatment (and prevention) of 
diabetes mellitus, acute pancreatitis and chronic pancreatitis. 

According to one aspect of the invention administration of a compound of formula II or a 
25 pharmacologically acceptable salt thereof for the treatment of diseases related to the 
inflammation of the thyroidea. Specific examples of these embodiments of the invention 
include treatment of thyreoiditis, autoimmune thyreoiditis and Hashimoto's thyroiditis. 

According to one aspect of the invention administration of a compound of formula II or a 
30 pharmacologically acceptable salt thereof for the treatment of diseases related to 
inflammation of the kidney. Specific examples include treatment of glomerulonephritis, 
glomerulonephritis in systemic lupus erythematosus, periarteritis nodosa, Wegener's 
granulomatosis, Good-Pastures* syndrome, HLAb27 associated diseases, IgA nephritis 
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(IgA = Immunoglobtuin A), pyelonephritis, chronic pyelonephritis and interstitial 
nephritis. 

According to one aspect of the invention adnumstration of a compound of tauto D or a 
pharmacologically acceptable salt thereof for the treatment of diseases related to 
nation of the joints. Specific exiles include treatment of BechtereVs disease, 
psoriatic arthritis, rheumatoid arthritis, arthritis in colitis ulcerosa, arthritis in morbus 
Crohn, affection of joints in systemic lupus erythematosus, systemic sclerose tmxed 
connective tissue disease, reactive arthritis, Rette* syndrome. Moreover, included « th» 
embodiment of the invention is treatment of arthrosis of any joint, in particular arthrosis of 
finger joints, the knee and the hip. 

According to one aspect of the invention administration of a compound of formula H or a 
pharmacologically acceptable salt thereof for the treatment of diseases related to the 
inflammation of blood vessels. Specific examples include treatment of arteritis temperate, 
periarteritis nodosa, arteriosclerosis, Takayasus" arteritis and Kawasaki's disease. 

According to one aspect of the invention administration of a compound of formula U or a 
pharmacologicauy acceptable salt thereof for the treatment of inflammation related to 
infections of any origin. Specific examples include treatment of inflammation secondary to 
infection caused by virus, bacteria, helminths and protozoae. 

According to one aspect of the invention adntinistration of a compound of formula U or a 
pharmacologically acceptable salt thereof for the treatment of inflammations related to 
25 trauma and/or tissue injury of any origin. 

The activities of compounds of the invention against various cellular and pathogen DHFR 
are measured by conventional assays, such as those described in Antimicrob. Agents 
Chemother 1991 35, 1348-1355 and Antimicrob. Agents Chemother., 1993, 37, 1914- 
30 1923 Prefeaed compounds wi^^ 

certain circumstances in the matter of treating P. carlniU show, in conjunction with high 
selectivity index between celtular DHFR (for example rat liver DHFR) and the relevant 
pathogen DHFR- As a reference point it should be noted that conventional DHFR 
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inhibitors such as PTX and TMQ have selectivity indexes of the order 0.13-0.19, which is 
generally exceeded in the compounds of the invention. 

The free bases of formula II may be converted to their therapeutically active acid addition 
5 salts, which form an additional aspect of the invention. Appropriate phatmaceutjcally 
acceptable salts of the compounds of general formula n include salts of organic adds, 
especially carboxylic acids, including but not limited to acetate, trifluoroacetate, lactate, 
gluconate, citrate, tartrate, maleate, malate, pantothenate, iscthionate, adipate, alginate, 
aspartate, benzoatc, butyrate, digluconate, cyclopentanate, glucoheptanate, 
1 0 glycerophosphate, oxalate, heptanoate, hexanoate, fumarate, nicotinate, palmoate, 
pectinate, 3-phenylpropionate, picrate, pivalate, proprionate, lactobionate, pivolatc, 
campborate, undecanoate and succinate, organic sulphonic acids such as 
methanesulphonate, ethanesulphonate, 2-hydroxyethane sulphonate, camphorsulphonate, 

2-naptbalenesnlphonate, benzenesulpbonate, p^hlorobenzenesulphonate and p- 
1 5 toluenesulphonate; and inorganic adds such as hydrochloride, hydrobromidc, hydroiodide, 

sulphate, bisulpbate, hemisulpbate, thiocyanate, persulphate, phosphoric and sulphonic 

acids. Hydrochloric add salts are convenient. The salt may also be hydrated to various 

degrees, e.g. mono-, di- or tri-hydrates. 

Conversely, the salt form may be converted into the tree base form by treatment with 
20 alkali. 

The compounds of the invention are particularly suited to topical ad^rumstration, such as 
pulmonary, dennally, optically, vaginally, nasally, transdermal^ but may also be 
administered orally, rectally, or parenterally, for instance orally in a bioadhesive 

25 composition to adhere to the gastro-intestinal tract or parenterally as intramuscularly, 

inlraperitoneally. intravenously or epldurally. The compounds may be administered alone, 
for instance in a capsule, but will generally be administered in conjunction with a 
pharmaceutical^ acceptable carrier or diluent. The invention extends to methods for 
preparing a pharmaceutical composition comprising bringing a compound of formula II or 

30 its pharmaceutically acceptable salt in conjunction or association with a pbarmacetitieaUy 
acceptable carrier, adjuvant, excipient or vehicle. 

The term topical herein means any application on the outside of the body bnt also applies 
to the topical administration on the mucous membranes of the gastro-intestinal tract, such 
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its therapeutically effect. 

« fonnuiatioos . «m— 1> ^ in unit doa*. ^ m* . 

ttta aM — — — « **» "* ",T^ . 

^ aod/orpt*™ Mf — - » — « 

99.5% by weight of the fhmpculicaliy active compound- 



P^pose, lies, compos b*vc tec defctafcd by . *» ■ 

^ » to orto of to cotopoood prepay eccortio, to tot «mpto, Too* «on*le 1 J 

20 meo«9to«coo<lco nl po«»dl««P»e"ae<»' ii ». 1 °™ m l >tel - 

jjiwuw , . -rp xjvfR MS and elementary 

TTie structures of the compounds were confirmed by IR, NMK, 
analysis. When melting points are given, these are uncorrected. 

Methods of preparation 

25 The compos e^plifiod below c» b. p.e^ b, to gcaend p.oce*no oootod . 

schemes 1 and 2. 



Scheme 1 
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COOH 



A compound of formula HI wherein K x to R*, n, X and Y arc as defined above and 
wherein Q is OH or a halogen atom, for example Br, is reacted with a compound of 
formula IV wherein m is as defined above and wherein Z is halogen, for example CI, or 
OH when Q is OH, and Z is OH when Q is halogen, using standard 
esterification methods well known in the art Oxidation of the acetal protected aldehyde 
on the resulting ester followed by coupling with glutamic acid according to methods 
known in the art affords a compound of formula II (Scheme 1). 



Scheme 2 
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A compound of formula V wherein R, to R«, n, X and Y sue as defined above and 
wherein Z is halogen, e.g. Cl, or OH, is reacted with a compound of formula VI 
whetein rn is as defined above and wherein Q is OH when Z is halogen and Q is OH or 
halogen, e.g. Br, when Z is OH, using standard 

estcrification methods well known in the art Oxi dation of the acetal protected aldehyde 
on the resulting ester followed by coupling with glutamic acid according to methods 
known in the art affords a compound of formula II (Scheme 2)- 
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If R, to R4 are hydrogen the free amines may be protected ™th a suitable protecting group 
during the esteofication step. The protecting groups can be removed according to methods 
known perse. 

5 C «npoun*offo^ 
methods known in the art. 

Compounds of formula IE and V may be prepared according to the following scheme: 



Tier — TxT 3cn nc. 

malononitrilc (L\~ ^< ^ Pd/C 




trietfayl orthofonnate Y 
or 

IridhylorthoflceUlfi 



Guonidioe'HCl 



Ni-Al alloy U ^ 
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(From the thesis by Maim Grafeer-Nordberg "Approaches to So^g^fi^ <* 
Sbyl^foSe Reductase Inhibitors" Uppsala University 2001, ISBN 91-554-5017.2). 
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WhenRl toR4 arc not hydros the freeze groups canbe con^rf^rnctbods 
known in the an. , 

fcurtmrfttta ca> be effected, <D of*** tusthod, »<■•"» f »• 

, ^cttatdfcaio,, of a group =tcH, a. prcduccd m 4c sch«« above by r»rio» ™fl» 

«dW ofho.ee** .0 produce ate cotnpoood, in which AorBis other than„»*byl 

^b-camedoutbytredtofctaK,™^^ 

Org** Tn^fbn^iouby *ichard C. Urodc, 2 Bd" ; John IKK- Yoriti 1099, and 
references therein. 

To produce starting materials by the schemes above in which n, for example, is 0 so that 
the ring is attached directly to a hydroxyl group, corresponding compounds wherein an 
amino group, which can if desired be produced from a conesponding compound 
containing a mtro group, may be diazotised via nitrous acid and then treated with a source 
of hydroxy! ions to produce a nuclear -OH group. 

To produce starting materials by the schemes above in which n is from 1-5, where they are 
not already produced, chain lengthening reactions may be performed by methods already 
known in the art. These may include conversion tohalide compounds followed by Wurtz 
couphng or by us e of Orignard reactions with a suitable adduet, followed bywork-up, 
reduction if appropriate,^^** of the desired starting material 

Acid haudes of formula V can be synthcosed from the corresponding carbolic acid 
using methods known in the art. Halides of formula m can be syntbesised from the 
corresponding alcohol using method* known in the art. 

Thin-layer chromatography (TLC) was performed by using almrnnium sheets precoated 
with silica gel 60 F2S4 (0.2 mm) type ft Merck. Chromatographic spots were visuahzed 
by UV light, or by an acidic ethanolic solution of 2,4-dimtrophenylhydrazfae. Column 
chromatography was conducted on silica gel S (0.032-0.063 mm, Riedel-deHacn), srhca 
gel 60 (0 040-0.063 ram; B. Merck), unless otherwise noted. Preparative TLC was 
performed on glass sheets precoated with silica gel 60 (2.0 mm; B. Merck). Meltmg 
points (uncorrected) were determined in open glass capillaries on an Hectrcthennal 
apparatus. Infrared <M) spectra were recorded on a Perkin-Ebner 1605 FT-IR 
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Z Mfco M AB, UW* 8—- A" — - *—* "** 
further purification. 

The esterification procedures may be carried out using methods well known m the art 
These may readUy be optimised for any given set of reactants ,y sin,p,e ex^e^s For 

c^oxyUcacidoffonn.^^ 

in acetonitrile and heating to reflux when necessary. Tl>e carboxylic acid is then added 
and the mixture stirred for24-48 hours. Where esterification is carried out usmg an acid 

such a, THF or DMF. Where esterification is carried out using a halide of formula IH or 
VI, such as the bromide, reactionmay be canied out m a solvent such as DMF The crude 
product is purified by chmmatographv where necessary. Oration of the acetal protected 
aldehyde followed by coupling with glutamic acid gives the products. Punficatton by 
flash chromatography gives the pure product 
List of compounds 




1:2 



1:3 



,COOM 



1 2-[4-(2,4-Dianuno- 

[ quinazolin-6- 
yloxycarbonylmethyl> 
benzoylamino]- 
pentauedioic acid 



coon 





2-[4-(2 > 4-Diamino- 
quinazoliii-6- 
yloxycarbonyl>. 
bcnzoylanrino]- 
pentanedioic acid 



2-{4-[2-(2 > 4-Diamino- 

qoinazolin-6- 
ylmethoxycarbonyl>ethyl] 

be nzoyi amino }- 
pentanedtoic acid 
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HaN 


2-{4^[2-(2 J 4-Diamino- 
quinazolin-6-yl)- 
etboxycaibonylmethyl]- 
benzoyl amino) - 
pentariedioic add 


2:1 


O DOOM 


2-{4-[2-(2,4-lMaromo- 
quinazolin-6-yI)-acetoxy]- 
benzoylamino}- 
pentanedioic acid 


2:2 




2-[4-(2 > 4-Diamino- 
qninazoUne-6- 
carbonyJoxy> 
benzaylarawD]- 
pentanedioic acid 


2:3 




2-{4-[3-(2,4-DiamIno- 
quinazolin-6-yl)- 
propionyloxymethyl]- 
benzoylamino}- 
pentanedioic acid 



Example 2 

5 

This example describes the biological tests performed with the compounds of formula (I) 
and their therapeutically active acid addition salts. 

1 0 Tert 1. Affinity for the MCl-receptor 

The binding assay was carried out essentially as described by Lunec et aL; Melanoma Res. 
1992; 2; S-12 using l W5 -NDP-aMSH as Bgand. 
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Test 2. Affinity for the MO-receptors, the MC4-receptors and the MC5-Tcceptors 



The binding assays were carried out essentially as described by Szardeaings etal., J. BioL 
Cbem. 1997; 272, 27943-27948 and Schioth et aL, FEBS Lett. 1997; 410; 223-228 using 
5 l ,2S ^KDF-aMSHas]igand. 

Essentially, the affinity of the compounds for the different tnelanocortin receptors were 
determined by using cither insect cells (Sf9) or COS cells, which were transfected wiih 
recombinant human MC3, MC4 or MC5 receptors. For the detem&uiiion of the affinity for 
10 the MC 1 receptor, B 1 6 mouse melanoma cells were used, which endogenousty express the 
(mouse) MCI receptor. 

The compounds were tested at different concentrations for their ability to displace a I25 I- 
labelled NDP-MSH from the respective receptor. Incubation was performed in 96-well 
15 plates, using 50,000 cells/well (Sf9 or COS cells) up to 200,000 cells/well (mouse 
melanoma cells). 

The test compound or standard (NDP-MSH) was added in an appropriate concentration 
(generally between 10" 4 M and 10 13 M) together with labelled tracer (appro* 50,000 
20 cpm/well) and incubated fox 2 hours (at room temperature for Sf9 cells and at +37°C for 
COS cells and mouse melanoma cells). 

After the incubation, the cells were washed twice to get rid of the excess tracer and 
compound, and the cells were lyscd with 0.1 M NaOH. The lysate was counted in a 
25 gamma-counter, binding was calculated and the affinity determined 



Test 3* cAMP assay 

30 

Essentially, the effects of the compounds are tested in vitro for their ability to stimulate the 
production of cAMP. The cells used are mouse melanoma B16 cells, which endogenously 
express the (mouse) MCI receptor, and Chinese Hamster Ovaiy (CHO) cells stably 
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nanstected wrtd tne numan MCA receptor, me mouse MC3 receptor or the mouse MC5 
receptor. 

Adherent cells are cultured in 96-well plates overnight and arc challenged with various 
5 concentrations of test compound, for 20 minutes at + 37'C. The concentration of 
intracellular cAMP is then detennined on cell lysatcs by the use of an enzyme 
umnunoassay (EIA) (RPN225, Amersham Biosciences). The cAMP in the cell lysates are 
allowed to bind to a limited number of binding sites on a cAMP-specific antibody for 2 
hours before a fixed quantity of pcroxidase-labclled cAMP.. which will compete for the 
10 binding sites, arc added for 1 hour. Bound antibodies are detected by the addition of an 
enzyme substrate that changes colour by the action of the peroxidase. After 1 hour I M 
sulphuric acid is added to stop the reaction. The optical densities of the developed coloured 
solutions are determined spectrophotometrically at 450 am and the concentrations of 
cAMP in the samples are calculated from a standard curve. 

15 

Test 4. DHFR assay 

The Pneumocystis Carinii DHFR used was prepared and purified according to literature 
methods (Broughton & Qeencr, Aivtbnicr. Agents and Otemolher., 1991, 35 (7) 1348- 
20 1355). The spectrophotometry assay was conducted essentially according to method 
described by Allegra et a) (Allegra et al,J. Exp. Med., 1987, 165, 926-931). 
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TV gt 5. IBP model 

n«rtran so dium sulnhat e-indnced colitis in mice 



The Dextran sodium sulphate (DSS) model is considered to be a relevant model to study 
mechanisms involved in IBD m humans. Today there arc several hundred articles 
30 published on the model and its response to different drugs. The immunomodulatory drug 
cyclosporin, given therapeutically, reduce disease activity in the DSS model in mice 
[Murthy SNS, Cooper HS, Shim H, ShahRS, Ibrahim SA, Sedergran DJ. Treatment of 
dextran sulfate sodium-induced murine colitis by intracolonic cyclosporin. Dig Dis Sci 
1993,38(9):1722-1734]. The DSS rooodel has been evaluated by others [Cooper HS, 
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Murtby SNS, Shah RS, Sedcrgran D). CHnicopatbologic study of dextran sulfate sodium 
experimental murine colitis. Lab Invest l993;69(2):238-249]. 

Colonic inflammation is induced by oral administration of DSS in the drinking water. An 
induction period of 7-10 days withDSS is followed by a treatment period of 5-10 days 
where DSS administration is continued and drugs or control substances are given. 
Parameters recorded at autopsy are body weight, spleen weight, diarrhea (wcVdry fecal 
weight), colon length and the histopathological appearance of the colonic tissue. 
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